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(54) PLAYER PIANO AND MUSICAL PERFORMANCE DATA PROCESSING DEVICE 

(57)Abstract: 

PURPOSE: To accurately reproduce a string striking 
speed and a delicate nuance of a musical performance. 
CONSTITUTION: A reproduction preprocessing part 10 
finds a reference time tr and a reference speed Vr on 
the basis of musical performance data supplied from a 
recording medium, and further calculates acceleration 
when the acceleration needs to be estimated. If an event 
of a key or hammer is missing in the musical 
performance data, the missing event is properly 
restored. A key track is generated corresponding to the 
kind (straight line, parabola, etc.) of the track. A motion 
controller 11 generates data showing the motion of the 
plunger of a solenoid 5 on the basis of the track data 
generated by the reproduction preprocessing part 10, 
and a servocontroller 12 performs servocontrol over the 
exciting current of the solenoid 5 on the basis of the 
generated data. Consequently, the speed when the key 1 
reaches a reference point Xr corresponds to the string 
striking speed at the time of the recording, and the 

hammer 2 strikes strings at the same speed as that at the time of the recording. 
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(54) mw<D%m -mm}zys**u»mr-*taxmm 



(57) /3Q /3l 

[gift] jT^ift^a*©a»3tc^*r>^*iE*«: ™ ~' r "~ 

mm] n^m^mu i o tet^ ^ ^ t^6(*j& 

«. a^/c^^oh^iiiMts, for, 8l3*<d*i 
9R (SDK, tt8J«aS> tel£DT£t#ijt££j&TSo 

s>3>=3>hci-7 i its, n&m)m»i o&ftisiL 

#n>ha-5 1 2#vuy>f K 5 

5c 




(2) 

1 

ztmmztizt, m^mmT-zicmtctej^isb?" 
- * ^^iciijtfD-r & a b ms&m t * jyrr sci 

m^m2) z^fimmmnz^itrnkoij^b^ io 

bf-z trcmmcommzM l x mt>-? 6^^>hf-^ 

mriB ^ > h f*- # Jrax^gct ^ r & w > f ^- * 

tefr&J:^ MB&^>h^-*£3S&£tf£>I51 

2&m&2tiZ£, Zt\h&A^b<f-Z*i&MMm 20 
HWEWS^aw, ««^>K ^>^-^>K K 

<t«jrr * c i^^i-r zn&m 1 sattos*^- * 
anxing, 

Me 
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2 

m&tmj'o b<D^%-^&9mhx\<>&m&wm 
bx^zj'Obzmmis. *<Dt£mzm$*?-$±is 
xmttzj'Obmm^mt. 
m%mm?-zicm^xm&M*£j&L. comkm 

[0 00 1 ] 

mm 0 r sin * *f ^ a n t r ^ *5 * c © @ « t- r 

[0 00 2 ] 

$/c^^>^-3i^w:S^^T^f ; -^^lB^U, 

iit«w-r s c t tc £ 0 aw«ss*w^-r i>ci ^njts 

[0003] &tc. ctitt5»na*r««co^. m^cff 
/cor ««*©sa*^ - * r > ^ £ipg3- i> c <b ^sit 

Hi. MM#^9 3 7 0 1 3), 
[0004] 

[^KftLiHTSPlS] iC5r, Jb5£0/cg 

tttrr-/«, <ff««FS9. If^iiS) . ^ 

[0005] 



(3) 

3 

[0006] »3joi2«:«-s*jfficc*or». •& 
^m^moxmtj-r^^^b'f-^mx^t. ma io 

[0 0 0 7 ] M*13tc«&*JiS«:*-p'rtt, it 

llWB*^>h^-*«Cffi*^>h(D^ 
[0 00 8] »^4fc«£«J&fcC«fc-*Ttt. if 

> h *jw&*r * twer * c i lx^ 

So 

[0 00 9 ] l»*315tC«SfllfiRtC*or« 1 M 30 

«rBS«is^sw, — 

?fJbn^cii®8<DaieccR3£-r £ c ± uti> 40 
[ooio] B^etc^sfltfiscc^^rtt, it 

[0 0 1 1 ] «#JB7tc^£«j5£te&oTtt. jjf 

«tuu «rgB»«-r-^>h*/cw«riBrn£>r^> ho^ so 
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4 

aio, *<ot&&*mm?-*t\sxmttz><<^b& 
c vm&miciQ o r mriasi£Sgs&-r ^^Ru^a £ srii 

[0012] 

[00 13] £/c, »«S2CC«S«fiSfC*oT«, 
CCT\ ilS^Stt. >f-<>hf ; -^DnX#StC*5C»T 

[0 0 14] Ml*3l3«:«s«atic*-Dr«. 31 
tito&ra. fir, iiwiiOR£*8ttt*-f-'<> hf 5 - 

# >r > > z &m'Xm& $ tiu& o /c»^ec ; ^ 

[00 16] J/c »«3S5«:«-5«flt«:*or«, 
-Y-^> blcJ:Z^zmmL^~o#^^&i'EZ'<7 *> C t 

[0017] ttc m^me^m^mmc^^xu. m 
5£«Fra»s#s«. i&feztitcmm^-ztc&^xm 



(4) 



[0018] 

I. IjSlgljfeffil 10 



let, ill <DMW)*^l<'-7-2lC&M-?2>T ^>3>3 
^>v-2tcJ;oTfT&i*n£&4<!:, Ml%Ktt 

5Q7*^>^*#^HJT&<>:, il^7>Xf>P^ 

>v-2**@»orfmrs. — 

[0019] fr*J, |g|fc:*5l>T % S E 1 . S E 2 fj 

ne>o-fe>if se i , sE2<ora*Mift-r*^ra*w-aiJ 

S^tHfflJ^n^. g/c, ^>^-2#i2>tf SE 1£M 

i ^ow^ficcj^DT^>v-2CDrr^a^ 
mx$>*>. teiztj;*^ ^©H«**«-t*r, rrsssa 

f B§§B#CD}T^g£?S£-r 4CiBT?*^«* 40 

[0020] mmtcxtuz. MKDfrz&Miictevzm 

WttaUXhisLm&%9. 0mm— 9. 5mmHg|?LT 

mc&.mx'$>-r>tc 0 istc&^x. m^ccfi^tci-r 
$mm<Dn&m&&&mic¥mir2>c±&x'$2> tt & 

>f>hXril^ e 50 



#^?7-2 7 135 5 
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[002 1 ] 0'J7 7 U>XjIg 

2«c, ±m<D£*>icbx>£mcvy? u>x*v>bx 

&i!51g£: 'J77 U>*jISV r iC^„ CCt, 12 
«'J77i^>X^>f>FXr^9. 5mmCC^5tDfc£ 

mzm**> F&mzxwLty&M.rsm&zn-itcm'S 

fc, Cl«l**^a*ffijfi<HK:<fc*iiD», C2»6» 

[0 02 2]i2^6BJ6^<l:^, i;7tU>*» 
gVrlt ffiCU^t«C2WTOcJ;^t 

[0023] 

[ftl] V r = a • VH+/3 

£&£t2> b— t7^t*otfe, 'j7 7 i/>^^> 

[0 0 2 4] @'j7 7l/>^j 

**, ^vftfcox&m&m&tbt-T sici$i,>xn&mn 
T-z%mfr±-ixmm?2>cttc£r). n&$<o&^ 

[0 0 2 5 ] CCT\ il^y77l/>^^^>FXr 

^rr&H^j (iEfli«:w, ^>^~jmK<a«M&K:a* 
-fe>ifSE i zmMotc&fM) toy&fmm&vy ? u> 

ri^ 0 f Ut, ^3^r^SR2{^«:U/c4>c0^4r'^> 

mz. 7&&mtc£*)m&>xm&iti&®L2tiz>o -r^t> 



(5) 

7 

[0 02 6] 

[&2 ]Tr = - (t/vh) + S 

tel£DlSft«tecfc^Tifc£-r3. ft*>\ T*5<£tf$«:, 
151— b'T^T^T^ 'j7rl/>^^>FXr^t' 
ccc*a*>ecJ:r>TX*rr*. ch«, Siccus 

[0 0 2 7 ] ST, S2*C«fc-oT, ^tUVX^I io 
*B#R5MTr*^T£C£K:J:oT. V^rLx>XB# 

rttitU ^OB^fCDjIjS^U^t U>*iIgV r 

^7 u>*#^>hXrfc*0fc£#«7&WTfe*iS 20 

©T*tl«, 7 r l/>XB$iaiaT r 4#*5«Itt^ 

[0 0 2 8 ] J£*±CW:5fiCOT, f^Uc'J7rU 
>X#-Y > h X r CcfcttS 'J77 U>XiIgV r tfsRti) 

enntf, «i©*fc»*cti(c[Ci;T»wp'r*ci6cj: 

0, g^^©tTffiiiK«:lfSfe-r*C<!:3&sr*S. cots 

r isisxxj > hx r zmzmmmm (mmmoxom 
*/c. t95era«ijBte<fc^Ttt, u^tu>x* 

i2*P£i;&fts. cn«:oiiT»*5SO«3H«:j£DT5ia 

sj»Hi-rti«cfct». 40 

[0 0 2 9] q>y5-^> KPilfln 

a*Ba»^ec*ji»T. mmm. tjmsmtsx&n 

1. 02 2*#G50»9rra. 02 1(a)lt » 
«EM»«:*jW*(ll©«i««Sft^UT^&. ^tc:fe 

"<> h#&tii3ftSffl&&<*r£>S. 1510(b) so 
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>y*5%LTCiS. £/c, 1510 (c)tt. -te>*SEl. 
SE2^ctO^>v-^-<>h^tB$n/c^J (iE» 
«ctt % ^>v-3WTK(4Bii:WK:*S-fe>if SE l &m 
MLtcnm) fcffl3ftfc^>v-aU*Vh». Vh, 

[003 0)^21 Ca)CC«tntf, B$£iJt e *15>81 © 

3ftTt>£. $/c, l*SnJt l8 ICfcOTtt* C<D*$^Sfr 
ffi«l»j£rS^>^->r^<>h3&5tDTt^. 3«C ( B# 
£»Jt* (cteC^Ttt, ■ l*s^R|fe3*iTl>&*'. f^H 

-r&*>^ ^—7* FP-^«:J:s>Ni3WTb 

2 1 (a)— (oCCcfcttt*. B#giJt 15 ©/n>-7--(^> 

[ 0 0 3 1 ] &tc, 0 2 2 (a)^(c)«l*5l>Tt> % ^- 

oti^ 0 tte^r. Biiacc)«r#jR-r&i, ussiit, © 

[0 0 3 2 ] ^mMm^^Xkt, VL±<D£5tj:<<^> 

h<tffl2<D;N>v--r-<> h<bCDf^tC4dl^T, 
^1 CD^>-7-^-<> KO**»*S0K:feC»T, 

m%.\*. m2 i cd)cc*$t»Ttt, ^>-^--<^>h 
^s-offst^-ohiJ&iiisnsnTc^. ffa 

*5i^Tg§c^>>*7->f^> h^jisn^n^o cct, 

t*, S2 2 (d)CCfe^T^. ftgi^-O F^T5^ 



9 

5htl^. FOilSDW:* JWfc-f'OK 

xkr<m?z>. 

coo3 3] jmio^^tciKjosn^^s-^-oh© 

^>F£iIfln?"£C£K:«J:*K 12 1(e), i22 
(e), ^2 3(f wmgLtCTjkTX^ftyy r 

#3-^>F£^bfcfrofcitetCtt. 

micmte 5'J77U > ^*yt^*SR3 *i & c t «: & a . 
iiarrac sw©w»t»«fi<r» y ? * u> 

[0034] ®«jg(D«g 

x r {cfc^ >j 7 7 i/ >xmv r ^f>nn^ 4 it 

[0 0 3 5] C<Dm&. httB*»6x> KfiHBSST? 

#3£d66ft£*>>^ cftecj^TKottasr^-K'* 

ffciiU:, ffljUtf. y 7 r U>X#-<> FX r ^S^ifLiR 
tJloM <«S*Bj©»^) *B*rtMfc« (SfftlitKiltt© 

mvmzicfotxmnMm'tti&j:^. vL±&c<omm 
[0036] b. jaswco«ja 

B - 1 . £ffrBf /£ 
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[0 0 3 7 ] SK*5l>T, 1 0ten£.m%!M%$X&K> . 

1 2& ^f^T^in^T^-rAM « $| a 6 «*ft $ 
n-sam^-^K^^T, KoMist? 5 -**^** 

io -eoffiffiK<o«iie) ccj£DT##KtfT6KMiit£ 

fc, 1 2te1f-**3> hn-7t$)D . >n> 
i i ^6#M6$n£7 r -#&a&DTy f 

^>y^<otta*«kH4raiftffl«»^i9:^6nr 

>^ Ml-^£bT-^-*:3> 12«17^ F^* 

20 ?mJ;^ftott^. ^Lt, u--#n>Fn- 

So 

[0 03 8]», 2 6tt il©Ti«0W6n 

PSr^W6tiS2JSooy* h-fe>w<fcrjr«S$nt 
30 t>t«?n^. «WOBRic«. F-fe> 

^«t#M^c^i3, ^x\ ±$<D^vi^mm 

[0 0 3 9] fe>1f 2 SOm^ft^-t*, Slfli^P 

3o«:^$n, mmsm&z o *-H2>if2 5rt 

OT^oy* F-fe>if^7fe^>«:^-or^6±^oy 

dtaaft**ffir-6. a*»»3o»± 

ItMIf^o l^c, ?HHIB^gP3 0«, -b>1fSE2 
40 bmytZtiXfrh-te^-VSE lifiWtZt\Z>&X<?MT$ 

ztffflL* tcfrhn&M&*&&?2>. ztc, -fc>-y- 
s e i ^m^titdmm^rmnmt ir^iti.. 

[0 04 0] -*t£*>%. ?H^IHiigiJ3 0 tt, ?nn^p^ 
$n^i, ^>fSEl, SE 2CDtB^fl#^S^ i 

[0 04 1 ] IB^m^SSB3 1 teteHTtt. ?H#fHli0P 
50 3 0^6«l^3n-5>SfitSf8tC>PfO, iEMibMS^L 



(7) 

11 

&>commT$>2> 0 n&m&. tiwsm* mm 

-c&£„ *&, *mwBm«i3 i«, is*s5§wp3o-c 
[0 04 2] jz&Ltcffif&icte^x e»f r s&mm? 

ht. ««E§a»3 0tcbtvo\>^-^>h:te£tf 

a-foh^gaasn, SBt»tt«ns3 i tabor c 

U -/ -f K 5 ©Att«ift*'i!H!ffl!<* *i c ©ft*, & 1 # 
'J7 7 U>^0 hXr tCgL/ci #©>!£«, IE§§ 
B#©JT^iiS«:^jc£:Lfcj$S (Tfcfo*, l J ? r 
iJSVr) ^>v-2tt^B*£|^CiIflrcJT 

[0 04 3] J^±©£5K, C©«feWc*5l>Ttt. »J 

^S«©««bJStt*H3ir-2><fcifcK:, ^OhSW 

[0 0 44] C. 3S86ff»©ttfE 
C - 1 . ggfa&ftfg 

S«iB§a*fir5»^. *ra»i2S&ffl3 0* 

0, ?H^fE^f53 0«:*5C^r^>^-^^> HijJzcfa 

occ*jiir#«©gs»©tzj«S3:3E3&«*ft>n-s. ^k^s 40 

^f^SP 1 0 1 CCiltfi, ?H^iE!§2fl3 0*>6^ 
& 0 "^r-^^s P l o l ctteorte:, HftH^n/c 

-7-^>h (fiK^J. rr^aig) 
-r^>^6^cn6©f r -^fe?n^sfiiiaJ3 o^^Rms 

50 
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12 

[0 04 5] 0)HttMfc«^«KttT&ttfE 

^SP 1 0 2^LtXf^SP 

i o 3cciti*±. ^fetcsiai^n/c^-^©^^^^ 

W»tt«r«. #«^>h£««^>h£©ra«: 1 

^f-;7'SP 1 0 4t£.Mt? o XT v7'SP 1 0 4CC*5l> 

h#£D*a>6 TYESj <t4m5£3*v 
v^SP 1 0 5tciitfc ^f^SP 1 0 5<cfe<r> 

[0 046 ] C CT\ »f3EfflA«-«W^ff«ttSltC*J 

/cfflL W;U* T i o m s e c j «c«£$*iTO£. ffio 

7 7*SP 1 1 3Kliit* 0 vVSP 1 1 3&t*5l> 
rtt. ft^f7^SP l 0 lrKtti^tifc^-^tci 

fjKB#»*cc^a5sn4©-c*4. -eur, c©^ 
* * 2?©gBfi&g#cc amsB& $ n z> . 

[0 04 7] ^±©»l*s»7tSi, Ml^f^ 
SP 1 0 1 CC^O. M^IE^3 Ofrh'XVF-ZtfiiSc 

^7'SP 1 0 l^tlrtof-^^ 
U-e&fro/ctB^tt. Xf 7 7'SP 1 0 2T TYES J 
i*»J^$tl, IBI^^31gP3 KDSlfWTt^, C© 
ct^CC, — «Mtt»*«fflCC*ji»"CW, ?HHfB^B3 0 

[0 04 8 ] QgQffttKl^-r&ttff 

ccga^snfci©^«, xf-^sp 1 ostc^r ry 

ESjiflSSh. feltt^f-^SP 1 0 6tcjiifo 

^^^wj^^n^o cct tnoj <t^$n^ 
iiS^iit>i©^«:«, KHa^^f3Effl[A«ra^ri^tft 



13 

1 3*Cj!2&St££0fcfc<D-C**. CCt, Bf5£ttB 
s • mm/s=mmfcft§) WBUCKSTZt 

[0049] ®mm/fm<<'<> vmmM^ME 

1 1 lCCfeC>T«, &f&D^>vW<> h*Bft<±T 
[005 0 ] 7*SP1 12 &C}It* 

[0 0 5 1 ] 3«afc«Cctel»TW\ JTO^G>£W9ij£K± 

[0052] ftft. ??.-<DMmmttt. aBtantrr 
^iE$n££, M^xf^'spi i3«:staK —is 

[0 0 5 3] h&mc»tT£gt)fE 

^s&sRiasn^a^X'f-^ ^sp i o 3cc«oi, ^> 

P 1 0 7fcl®tr. ^f-^'SP 1 0 7&Cfcl>Tte, f?£l 
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[0 0 54] #0C, W^f 77'SP108 Kiltf 

U U7 r U>^?1JSV r CDM^^^T^B^J 

3 *l & £ £ h tC Jf « > h CDrt^^^iE $ ft £ 

[0055] gagga tmgM^SBg^tag 

^2 3 (a)— cocc^-To cneostcfei^r, m 

[0 0 5 6 ] ±g3«T«, hidt«-f^> h 

f'?7'SP 1 0 3tC*Jt>-Cfc*. #>f-<>Hffl<DW«tt— 
30 CGiE^4><Di«S$n, jdfflttXf^SP 1 O40C 

r{5jn^ r ye s j iwiesn, wi^f^spi 

0 7CCM^o ^f^SP 1 0 7CC*$t^r«, ±12 

[0 0 5 7 ] ^CC, WiXf v y'S P 1 0 8 tcjitr 
S i , «iffi3&s^ f^SP113 tcMfr* HB»tt»* 



(9) 

15 

s 

^>^w<> h#&£-r*„ tot. rn^^j^ 

[ 0 0 5 9 J 7r7^SP 1 0 4K:tel> 10 

r r no j <h^$n, a&ga^T^^s p i o 9«:jI 

tf. ^f^SPlOQKl^tli. JT«B$5iJ£«MB# 
£9©B^ft0WS«C (WiU* 10msec) VJl±X$> 
hfr&iPifim&Ztih. CCX fYESj <fc*iJ3esti* 
Xf-;^SP 1 1 0K*5t,>TB^<IID mx-&io 
mm) 3&sfT5£ilK-CBfe»$*i % -5-0»«±sB«FraiHy± 

[0060] c ct\ rnmmtmmm^ommmifi 

**l»tB*fctt, Xr77'SP109, 1 1 0<D<5Jftfc: 

fci^r^ r ye s j tmm$tiz<D~c$>2>i)K frfrzm 20 

5&Cj;oT«tfcfcfi3ft&(,0 CC^oT &^>v-^> 
> h«£DfclO rt*fTfoft£<fc> fe*Wtc^%>^--f-c 30 

[0 0 6 i]^cr. a>a>*t§^«, aaaisr^^s 

PI 1 1 ttiitf), ^>-^W<> hilHJB^iKc 

[0 0 6 2 ] fT®»S0<fc»«B*JS9i©B#WI6*«/h 
£^i§-&K:te:, ^f-'^S P 1 0 9. 1 1 0<Z){5HuWC 

^spi 1 3ttii#>, -^'s p 1 0 1 fci&^T^ffi 



W7-2 7 1 35 5 
16 

•^SP 1 l 2KiiO<h. h*5<fcWBS8-f'« 
[006 3 ] ±i£b/c&&JIK:fcl>Ttt, 

2 2(e)ic^WK:*or«. B»!|t„ 
[0064 ] C-2. jggg^BfE 

tizufi* cvm&^-z&m^x&miimztfsm'S 

2><DX. &<D£5U^mx®Mr-Z<Dftf&*:'lf5. 

[0065] <Dmm<D#L& j f- zvm 
mux, m<Dwm$km cumui) ^^-rs-c^o, u 

* b<igXort>6^I311b£L.Tx> K&SXetCMoT 
[0066] 

[»3 3 X = V 0 • t +X 0 

-r*«F»J«: t r ' iT^i, 
[0067] 

[»4 ] X r = V 0 • t r ' +X 0 
[0068] 

[«5] 1 0= t r - t r ' 
= t r - (X r -X 0 > /V 0 

»6 7 7 b>X^PMT r ^tiC itc<fc ^ t 

£| HJ, 'J 7 7 U>^B^J t r GCfcOTIEfiiK: »J 
77l/>X^-T>hXr^l 4 L^<b, -eOB^OiI^ 
i*. rM^S^-^tC^ftDb/cU 77 U>^iIgV r <h 

[0069] a^^, ao^iiitcocir memm. m 



17 

[0 0 7 0 ] Oil^CDfi^l^-^^ 

r, ^<D{ig^xN, mmw&mzvoN <<o> , m 

[0 0 7 1 ] 

[«6 J XN = V D N • t N + Xe 

ccr, H8tt»6t^$n4»i^tiar*4. s 

h -fe >tf3&s«*tt*tc^ o ;M»Sl*IHK*Ifl t kNil 

5 (*©<t^^ttt!Scctt-5<fc^7* F^>lf<DfiS#p3 
k N*<fctflii»#si tkNtt -en^n?n^it 

[007 2] CCt, y>^-6rt*5£4K:J8T*<b#© 
tBKDfiiJE^rWi 1 ; 7r U>X#>f > FX r NiSEWTti 
i*. |ll3&s|HtV7T U>XtfW>FXrN&Cjib/c£ 

SI <«T. HB'^r U>*B#£lJt rNiC^) SI 
Htf $%tp<omm&fM t k N £#—Srr £ <fc 5 Kgiftg* 

[0 07 3 ] ^>^"-6*«a4«C«-rSiS3tt, 

zct&m&Lt,*. coiistt. waijia[VkN«:»j£ 

-§rZ>fth, t&m. K«y:7Tl'>;**>f>hXrNec:te 
5) «E«CClW3BfiSVkNK:— Sc3#*i«, ^(DWM 

£B5SIS:®* (=0) i*J»j77U>^#-f> 
FX rNtC*T^»J«:t rN' £-T£<h. 
[0074] 

[t7]XrN = V 0 N - trN' +XeN 
(fc/cU IMfta^6V ( N = VrN = VkN) 
3&&PM3^JSQA^. C©«7 J:"3l»S0t rN' 
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[0 0 7 5 ] 

[«8] t.N = t rN-t rN' 
= t rN- (XrN-XeN) /V B N 
C(D»8K:J:oT(lt«BB»fiieS«toN**tf> k COWfSPJ 

t k NCCtel^UBi 'J7r > F X 

r N «:* U IB»I»©«3I«««: JS««Cll«r S C £ # 
T*#£ 0 ftfc, B$SUt.rt»6»KV 9 N (=vkN:«« 

mm) -cmmsb-rzx'iicmffl (mmmm lx$>±me 

[0 07 6 ] (2>^m<DWlMr : - »fEfiS 

M^UtfcO, H^OtfcWCJX, B#£»JU*>>6B#£H c 
*r««jMTtoft, i^ait a ^6«F9Jt,*Tli«Wft> 

20 mhd&i*> ^totcu^ bidMXoZMti. BS»Jt,ccfc 
^rx>F{aaxecc*-rs«iar«>*3, £/c ttMfc 

[0 07 7 ] CC"C\ Sa-r*«F»Jtc**«)&Ci^ 

-c*n«, tx~tc*-ctt»fiMWicc»-3c»T«i^»J 
WU tc~t 3 *r»^ftil!K:»^»"C«**iJ»-rti 

30 [0 0 7 8 ] 
[ft 9] 

tc= (V, • t ,-V.N • t.N) / (Vo-V.N) 
= t 0 N + V 0 - (t,- t 0 N) / (V a -V.N) 

[0 0 7 9 ] 

[ftl 0] t,= t.+ (Xe-Xo) /V. 

so [0 0 8 0 ] c©<fc^tcLr. $amai«««>. 
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jf r-£te:, iHC7^f- : e-^3>3>hD>-7l 1 (rC 
&M2ti2> 0 ^->3>3>H3-7 1 1 ICto^Tte, 

<D&mcMi&otc&&m®7 : --z (x) zitmu, 
2«* &mm®T-$ <x) tct&Dfcjii^m^vuy 
h-y <-?^vzm^tmmT--z (x> £j±s&u m 
[oo8i] MM $ txtcmMf- $ <DM&m 

l(e)K:J:ft^ B*»Jt ls HI>©S4y7 7U>^» 
t u>*3lS-c&£ 0 ^<Df&, U ?7 u>*$yi«:, it 

[0 08 21 SK, 02 2 Ce)Ccj:n^ 19X1 1, Off 

[008 3]^ H2 3(f)CCctn^ «FgiJt l CCM 
Kt*. «*«li«K-CUX h{4fitcft*> 5 40 
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*v cct, aswa^-* <x) ccsaftsft*. *r& 
Kjnaawu ftgfw^-* <x) *f&«T*. 

ffifiWJffliT*--* (X) l 2K& 

'$7*-* (X) <fc*J±«U W*#-3R-ra J: 5(0&» 

t; 7 t u>^3i<^> fx r ccteo-o; 7r u>xiigv 
[0085]X«c, MiiW#gi« 1 o tt, aumtto* 

r, »6oxN*B*raoeiftKj£i:'rJB^»»u, tta 

fWfflPf*-* (X) *ffiflEL, t-^>hu-7 1 2tC 
C©il, > hP-7 1 2»»6 6C 

[00 86] -^T, i«7»*JtT*>tl. ^fliii^^i 

is^jair & t #«, n£«r«aff 1 o i o tc j: o 

r3J«*Mtc*aWl|tL/. c©l»M*»fc, ff^mjii 
■«Wt*«»)»it.r*--^3>3> Fo-7 1 icc« 

alec, *&c»«^«iji©^^6»««is«c«jo»it 

[0 0 8 7 ] II. SI2gHtegH 
A. ^^dO^MS 

0©»ffiJSGlJ8j:c«ff«:ot>rc!>*itt 
[0 0 8 8 ] ^aggofeggn 
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[0089] 

[81 1 1 X=a/2 • t 2 + b • t + c 
[0 09 0 ] 

[fki 2] 

a= (Vr-Vk)/(tr - (tk a +tk 2 )/2) 
8 1 2 Kfctt* 'J7 7 U>X5tKV r tt, tu^cDH^^ 

k»», ^cc^or^scitf-c**. io 

[0 0 9 1 ] 

[813] tkt=t kz-Xd/Vk 
CC~C\ Xdtt, fe>* 2 5rt02^(D-fe>^om 

s/f * *2 easxk^xkiora^jfifc-r&raOT 

WJdka+tk,) /2CC*$^saST*-5. M^O 20 
fc»12tt, 'j7rl/>^attVri+-t>iiSVk 
CDil^M*, 'j77U>XW!lt riWi (t k, 

+ t k 2 ) /2©i*ianir»uft:fc<Dr. «i>**.ti 

£SK 0 r ft«*&*tHT £ C i #T * £ . 
[0 0 9 2 ] Jia±©C£jfc6«l<5J:5{c, S»f=-** 

7 7U>XigVrW6li, 3*>K, *-*>iI^ 30 
Vki+-*>ieat k,*#raLTflni8Ka#Jfc«>6 

-r& 0 s-r. si uc^-jr^cc, jMnteB*ai$ 

[0 09 3 ] 

[814] b = V 0 -a • to 

g/c, 81 lfc:teWS5g»ctt, 
[0094] 40 
[815] c = X 0 - (a/2) • t 0 2 + b • t 0 

(/c/cl, 81 5«Cfc#*X,ttfir»©<fc5 

t,cuxh&m) . ccr\ ymiefflenfes* ( = o) 
813, au^r, 8i i^'j7 7 i/>x^> 

hX r«c^*a«:»*it-ri»*K:ft«. 

[0 0 9 5 ] 

[816] 

Xr = (a/2) ■ t r' * + V„ • t r' + X 0 

CCX\ ■J7 7 U>Xj|gVrlt 50 



[0096] 

[81 7]Vr=a-tr' +V 0 
[0097] 

[818] 0= (a/2) • t r' -Vr-tr' - 
(Xo-Xr) 

tUK). CCfrh. tr' 
[0098] 

[819] tr' = (Vr-(Vr 2 +2a (X D -X 
r) ) * /2 ) /a 

W^t, MilKa* 'J77U>^MV 
r, »j7 7U>X^OhXr, fc^l/Xh{4IXo 

[0099] 

[820] tr' = t r - to 

6ti^> c 81 6tc»l 7£ftALT*7J5I£VoK: 

[0100] 

[82 1 ] V 6 = (Vr J + 2a (X,-Xr) ) 1/2 

u^ot, «±©<fc^«:Lr3R«>fc«!jas:Vo. trail 

£a£, 81 l«CttAlT«i**«), ff fltHttRflGl t 

«>, APj©Mftfficciac^tt«rtM«8^©-c, 

[oioi] taiiggiBScDifogx- 
[0102] ogji^oiiiif- 



[0103] 

[822] t c = (-Ab+ (Ab 2 - 2 • Aa • A 
c) 1/2 ) /A a 

[0104] 

[82 3 ] Aa - a - aN 

aN«, msm<DM3LBL-C<b2>. COHJfiWO 
«S^OlJD»l»i0r&£©"C. Aa=a (#P 
^FOflDilg) <fcfc*. £?c. »2 2CCfcW*Abtt. 
[0105] 
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[»24] 

Ab = Vr-VrN- (a • t r -a N • trN) 
= Vr-VrN-a - tr ( v a N = 0 ) 

[0106] 

[»-2 5] Ac=Xr-XrN 
+ (a* t r'-aN • t r N J ) /2 
- (V r • t r -V r N * t r N) 
= X r - X r N 

+ (a-tr')/2 10 
-(Vr-tr-VrN-trN) ( v a N = 

0) 

^ft/C^li!^—^*, |Ei 1 ^TT^T^t— 5^3 >a> h p — 
5 1 ltCflfeteSfU *->3>3>hO-7 1 1 CC*5l> 

6*i©ffilK«:»jCLfctt«WlW«^-* (X) £fft& 
U 1f-#=i> 1 2(cAtftT&. C<D<*— > 3 

>^>hP-7l 1 <t^-#=3> ha-7 1 2CD«fiS 

[0 10 8] B. »2SBttW(Pttff 

[ 0 10 9] £T, H£«r*&ffi» 1 0 tt, IB«NKtt*>6 30 
fcft^lofflP^iyiT^-^^, > 3 >=i>hP--7 

1 cct, ttaw®?*-* (x) {cffiA 

^n^>o mu»utemt.tcti:z>±. & i 1 

^$ii^HiiiT r -^^-^3>3> hn-7 1 1 &c 
> 3 >p> hP-e> 1 Si 1CDX 

wiiiii^tai^ifi, ffiawsif*--* (x) 
£m£Ts. c(D{4iwf-^ (x) 40 

eofcB«Wfc*Jy K 5 ccd*§ 
-9--^=i> FD^7 1 VU/-f F507^- 

K^^^ii^ifiawwaif 8 -* (x> <t*jt«u 

5©^7>^t©HiHl». ftl lcDXK;#j£l,/c&CD 
k&ut y 7 7 u>*5igv r fccfctfflnilff a 



»W¥ 7-271355 
24 

Ha«T«ffl»l 0^»22CCj:or 

iifiii^^3^^^T^-'>3>p>hp-^ 1 ucmi& 
?z> 0 cnwo, si 1 ^tmmonmkmcm^h 

[0110] ccr, 01 2cc*mg«cc«fc^r«|gft 

b/t^CDH^^r^To CCDS 1 2 CC^T 3 OCD^ 

gx 9 ^6o^mii^irc^ 0 comics? <-o 
1 2 m tc7nr»*3^6ff6n-5fr?£i*sij 4 jt&» 

<£tf!M«iiI*'l3lg| (^) *c*jVr»Lirc*S. [hJ 

^ <n) mm <-n (^) tc^-r2ocDmiM 

-So Mfctf, ^-7Z hP-^CDS{5#CCOt,>Tte: v 
[0111] Sfc, m 1 3 tt % SI 2 CD— »*fifcrt;U/c 

n*«cc >-cira u /c^m^ <t cd — Stt£#*fiis3 £ n 

<tteii-o/tSfrft (5^k:«k^«^) 3&ia<k^^r*-6. 
[0112] c. mzmmmomz 

^ocDjior*^, ccdj#^ v y>^^'-6^^6i^nr 

Z >^T»«r*t&^^<b*CCtt. ffeCD^CD^Sfe-^it 
RiCDi^gCD/cfetC, m^C£>o-C&, ^>^*-^n 



25 

a* ft . #>^-«a»si t , «^tc <fc o *c*«> en 

[0113] 

[«2 6] t^tk,- (Xk.-XJ/Vk 

iBi!CUy7rU> Xil^V r 

CMMUs ^7l/>X8fitr<!:U77l/>X^>f> 
[0 114] 

[»2 7] X= ( (X,-Vr • (tt-tr))/(t 
,-tr) 2 ) • t 2 +Vr * t 

Uc^ot, &2 HCTjkZtlZWiMtfCLtt&^T. VI/ 

[0115] <2>ftfi£«» WitJgOBg 
»2S£ftWCCtel>-Ctt» »«^©a*SaifijaitVo 

&mjttz>m&taz. a = 2. sm/s^ssfi 

T\ a = 2 . 5 m/ s 2 dC b tcm^<DmW$£^$: m 1 6 

[0116] ccoHcc^r W) tt. S»##S6««:Si 
mm (n) « % (>f) teJ:^ tcfjk-?2-o<D$i 

H«c-sttt«w>6n^. si7 (-o . 

(P) % (^)tt, B16 (-f), (a), (y%> o«. 
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[0117] RjaSV a ^H5£U^*»^tcoi»-c 
n^cfcl^o CCt, fflilKV^O. lm/sfcl/fc* 
10 0, <^> (-/) K^SttW»6»6*i*#JS« 

riniufeWMiat*^. ra:*>ft, w»omr2 1 

(^) ^-r2o(D*yi«:Sfcift:fc©r*0. W##A 
<-Sltl^C<!:*s«4. ft*5. 019 U) . 
(a), (a) it 118 (^f) , (a), (^) ©1 
20 5t«r— fflSt^0fe4>©-C*>*c 
[0 118] III. jg3j»SW 

a. mmm<pmw%m 

±IE*1. »2H»WCC*5l,*"C«, *tSSHE»»3 0 
[0119] (2)-r-^3iMC0^tt 

rrKiiao^ft— ^» ^n^^n^y 77 u>^fiit 
tcfeiitrfe y ^ r u>^«i3t€:*as?>si^l»IPi , ^2 

> tfmkmm a n f r s <o & <o t im u r ? 
[0120] f^^ft. as««a»fcrr >^«:4jir»T« 1 

50 Bf^OiJf^jEg^to^n^o fOll. ^>"7-2^-fe 
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>**SE1. SE2£iiia-r£<i:, n&ftMttTW&B. 
[0 12 1] Ci)»aw*&«FSPJ3tP^fT3£^J*"C©ftA: 
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cc-c, ff«ra>6«fSJ^6fJ«^S(l*r<o«^ie«<!: 
^^SP106 <B6#flB> rttWl/^iffl "B 

f^sp i o 6Ti:kt»**tc$nrt^ r^Mj ± 
taw tw»»ii»e>»Ttti»»i* ?o^t^^ r . mmm* 

/MBUM* 3 ft fci>eft<DiIff Oc te£ , SgigtctttftJ 
««itt*«IM»CcBE»/J\««:|JB6-r * <t <fc i>. 

w«ce»t:r>"t i «, *w$ft/diHffTS^> h«a 

[0 123] *S«flOJ:^y7 7l'^(li 

T k M£B$CD^> FJ^tt^fc*. C(DCi^26 

c-n - <^> *#jhosmbts. [sis <-/) ec*jt> 

T, B#^iJt 4 «c + -3 - FKC 1 h*i*Hl 

l, 2©'i77 u>x«tjg«ltl0 (a) «c*vrj:5«ctt 
-FKC lfl>!WHMM*IBIt a « J:0fef<^oU> 
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> h ©JRBWiBR-r & C t ccfc £ . 
[0 124] ftoT. «iS«rtf ^W«-C#-r^>h*iE 

fftt^Ki^sg (f-fAa-K) . Hans 
ft. ftSiK^orts***)^****^, ^*y±rc 

[0125] *<0»ttl*BI24 (-f) - (^) 
■MSf*. HH <-f) fc*$l»TST. -SL Ufltttt 

-RAls* *PRI0R. *NEXT £ ^ >^ <b U'C^A/'Cl* 

ccr, «a#ST, -st, ©(src^-f^F 

X#t&*ft£ft£ 0 ii#ST, * 

KExr ccaflBtflcST, o&mt fu*-c*st fu* 

x, ^*3tt3ti, I^WCCflljeitST, 0^^>^ *NEXT 
[0126] S«Bfif*a>#-f *PRI0R Kltt, 

30 fttcHtf-r-<#^^>Fic^*J&^<D5feair fu^ 
«ttstin»s. fiu. tMcrift^^^o vim 

SMftSTo <D^>r>^ ^PRIOR ^CtJ, *«CCHff5 
n^^^>F^Mi*ST s CD5ffl7FUXx, #t 

*»si«^>^ "PRIOR, *NEXT CCctoT U>^3tlT4J 

0, ^ * prior, *next CrNRXiiMO 

[0127] ccr, f5jn*©^^>h€rB«i»-rsts# 
mm (ci) tc^-r^tc^->r«. «8*st 

foST 1 <D#<{>$ *PRI0R*«T FU^Xo &C^M£ft 
50 iMDrS»*W. #Affl8fCC*5W^>*-f >dr * PRIOR, * 
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next ^XE-rtifcMl'. HH (^) ftHIT Fl/^ 
*next te^a^fllieftST, <£>#-Y>£ *prior », 

*>f>£ 'PRIGRttT Fl^X. CC, *NEXT 
ttTKU*x, K«*W£S*rCt»£. C*i6C<fc!K * 

^st 2 ora«:iaftisti**«:as. -fob©* 
[0129] b. ^aswg>«a£ 

fcl>"C10 0. 2 0 0«@ttlfc: , T^'C^>0, 0 1 ©&<£> 
g-C&9> CPU, RAM, ROMSKCfcoTlMESfl 

^a^AKX-^T, snc*5^^>?li#iB^i53 0, 

f^«»®aJ3 1 fe J:tf|?£1MftS» 1 0 «fc|5«CE>#UI 
-3- KiC^-T^-fe>1^SE 1 . S E 2 , 25tC^ 

gnefttrr-/ i o otctett*s«^>P**ffl-ra 

—7 1 1 ^utgfttr/ 2 0 03rfg«irr£o 
[0 130] c. gggfflQMfE 

'J7;^^AMiI3 0 OCD^^r^AT^ 

», ^cd^ju^x^^ roj otis^n^. £c*> 

T\ ';r;V^^A^S^g3 0 OiCfct^Tt* r 1 ms e 
cj »«:*-{^»B&a**£U 02 8^1*19^1^ 

-*>#ett$*u htmmuv**™ r 1 j /cw>f > 
y y ju* -y A^s^g 3 o o rt(0«»«F3PJ*a 
[0131] rXtc, mzbicte^xtum&XTvzfsp 
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T S 1 0 0 fcft h f - ^*5f Ufc*S* 

oj tflS$tiW^f ^SP l 2&Cii*f 0 
[0132] xt 7^spi2(c^m m&*&®& 

fx & . c ©b» jfir « Htaissaw* < 3 nr ^ & i > /c 

&> r NO j :/SP2CcK£o 

f77'SP2, 4, 1 23&>6J«S;W^3&s«0iiSn* 
10 c£te&£ 0 

[0133]^ ^^>Ff-^^^f£i 
i(te©«I*B2 6^#itr^t^. (-Y) K 
*5t»r«, WF»Jt 1 fkc i©»«-r^>h 

y 7;^ Y 3 o o tc^ii^ n^> fl 

jltft, cct TYESJ iW-t^n^^T-^'s 
pstcMt*. x^^spsfcfci^-ctt* SfiL/fc-Y'* 

PRIOR, *NEXT^£^>><<tr£fc©T*>D, * 

prior, *next tc«^o«js#a#<o*iHr KU*#» 

[0 134] fr*5* COWIY'OKi'Jr^YAffi 
S^g3 0 0 3W»ff Ofc««WCC«aSti^:-f-<> Ft' 

HMHtStiS-fOFtt. «JS»iUry*'Jtc 

raj io^fHtrfc*. c*ut<fc0, ^f-^SP 
23&s95fTS*i&»«:i»M6a*-3MW«S*i, cWf 

Y A7 f 7*T5i, Xf^'SPS^lt, 
[0135] acKUffl^Xf 1 ? ^SP 6 «:Jlt?i, SfiR 

12(Cjttf. Xf^'SP2, 4, 1 2*>6lS* 

[0136]^, 02 6CDB$^Jt 2 CCfc^T, SHjf 
7^10 OT^-n- FKC1 <D^>-?-~ -<^> 

^tCX^^^SP43&sfHf$nfclSCC TYE 
50 Sj iflSSft, JOTs&s^f-^^SPSkiiitf. 
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tcu>^$n^. cnccto, kkc i ccoi> 

[0137] SEoT, ^ec^yi^^f-y^S P6CCJltf 
<b TYESJ «ffl|*sxf-v^SP76cit 

c^rw^5-^^> htt^*njtcc»yt«> tnoj 

t^o 20 
[0 1 3 8 ] ±C5T* B*Jfflt,. t, fcl;tetf£^> 

(^) CC7nT»#^Jt „ W#6n^ 0 C(DB#SJt, a 
B#<D*-f^> hWOBSIffllfflRi 'J77 U>^itW*<Z>«- 

r« % ma (-> tc^otfipiwif^^ 

[0 13 9] #CC, ffl^f^SP 1 2&Cii&£ x 

ttmmt,* dcmLx^rji^ft^ tnoj 40 

y 1 0 otcte^rft/cfc-f^ h^rs^tc, -e-ort 
^IBI§^ u-ACciiftjsti. r^ofc^-<> h j # 

[0140] ^CC, NfSIj&s t Ja fci*0/cf*K:«ia#* 
f-^SP 1 2K*IO<fc. CCt fYES j £*IJ5E3 
*V 7 7"S P 1 3*Ci£tf. ^SP13 
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teomM&wfHQ&m^x % 'j 7 7 u>^«us* s ^ 

^©F*tfg#ggtjfc*7 ^2 0 0CD*— > 2 >:3> h 

>3>hp-7i 1 tceyssn*^ fait? u-a*,^ 

[0141] iC6T, i^^^K^^S P2CC 

*5i>T r^ra»a+-3&s^-r at ^c/cj . tmmz 
ti*>t#$ h^ii^n$ti^co-c^)^^ v cots 

Sft/c**&tt, S#WCCtt. brtSiaftlSft 
"<>HJ *^D/cti^, X^ ^7*SP7tC^^r r Y E 

^ s p 8 -c^^e^ y 5 - 4 s< > h &mm? z> t^s^cc o 

[0143] C~2. «»H^g)^ftttf^ 
fcTT^ 1 0 0F*J<D-k>1f S E 1 , SE2. 25tC<£oT 

^ u-A&ciMjn£ft£ c 

[0144]^UT, ';7 7b>^7l/-A^^-c 
^-> 3 >3>Fn-7lltcM?n^i, coif 

m&M?-$tetmuw7-$ (x) tca»sn*. -r 

^t>^, ^3«:^$n^«Ji3lf r -^^^->' 3 >rJ> h 
D-7l 1 *v ^>3>a>Fu-7 1 1 

»3©X*i^ra«ifl<ki*>«:jlB»?*»L. (iS^iitSJ 
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r-z (x) fcf&s-rs. 

[0 14 5] CCDftgfM^-* (X) tt. tJ--#:n> 
hn-v 1 2K&il6£ft, cftcc«fc»3, «3©XK*tjS 
lfca«««*sv u^^K5 «C«|&3ft*. C©»^ 
If— ha-7 1 2te, vww F5©7 * - 

v zmnttiLwmmT-z <x> i^jtRu 
mrz&stemmnmzmffl'tzfrh. F5© 

& e o/c#o-c, «i«»3r^3tiSii:«tta«:«e-5 
[0146]*^ 'Jt;^^am^I3 0 0^ y 

^-^KJ&DT, ttflm&&ftJ£U S»b-T^200 

CD^r-^> 3 >3> 1 1 tCfJ&1*^ e -t—>3> 

3>hP-7l ltt. ±^(DH^i(5j^|CCUT. &6 CD 

XN^B#^OM»ctDi;-c)iB^S^U. SgftlfflJ-r-* 
(X) fcflFlSU t-^>Fn-7 1 2CCgM&T£ 0 
c<Dtt*. 1 2«:&6ttttJ£l,/d®j 

r^2 o occfcw^ai oaufttt. mm*)? 

«(> bX r N^tlBt^yU^iSfiV r 

iwtsfts, 
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